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RESULTS
The influence of 9 months feeding of experimental diets E, +E, SSO-E and SSO on body weights and organ weights is shown in Table 1 . There was a gain in body weight of all groups, with means of 15g for -E , 40g for +E, 3.5g for SSO-E and 21.5g for SSO for the 9 month period. In this respect the poorest gains were to be seen in the vitamin E-deficient groups, with the SSO-E group showing virtually no gain. These changes were similar for the skeletal muscle mass with the lowest weight in the SSO-E group. Heart weights however were not significantly affected. Adrenals were heavier in the SSO supplemented marmosets , while for other organs there were no significant changes. The poor gains in the SSO and SSO-E diet groups were associated with the death of 2 animals, with sudden and significant loss of body weight prior to death. One other animal died from fighting in the SSO-E group, such that there were at the end of the experiment 4 marmosets in the SSO-E group and 5 in the SSO group.
The effect of the diets on plasma tocopherol, plasma lipids and platelet tocopherols is shown in Table 2 . There were significantly lower tocopherol concentrations in the plasma and platelets of vitamin E-deficient groups . The stripped SSO group showed the lowest plasma tocopherol concentration , being less than half of the vitamin E supplemented group (SSO) . The platelets reflected these differences to a degree, although the -E group showed the lowest platelet tocopherol values. The triglyceride concentration was significantly lower in the SSO supplemented marmosets being lowest in the stripped SSO group . Although slightly . This is consistent with dietary recommendations for the laboratory rat (15, 30) . The influence of vitamin E deficiency on the marmoset was unequivocal: a reduction in body weight resulting from lower skeletal muscle weights, as shown by its influence on the rectus femoris muscle. There was no evidence in these marmoset's hearts of loss of weight or pathological change, as has been reported in pigs (1) and baboons (34) with vitamin E deficiency. This may however be a reflection of the level of deficiency achieved or the dietary selenium status which in this case was more than adequate for requirements. Erythrocytes were considerably more fragile , as shown by the peroxidative index, and this was expressed in vivo as a fall in PCV, and a lower haemoglobin concentration (not significant). A similar type of pathology has been observed in marmoset wasting disease, which has been attributed by some workers to deficiencies of protein, vitamin E and/or selenium in the diet (31) . The lower PCV could have resulted either from reduced erythropoiesis, as has been seen with vitamin E-deficient primates by others (28) or increased erythrocyte breakdown or both. These changes were accompanied by an increased white blood cell count and a relative neutrophilia in the SSO-E group. This would be interpretable clinically as an inflammatory response and could have been indicative of an altered immunological status and/or enhanced risk of infection associated with a low vitamin E state (30, 32, 33) . The platelet count however did not vary with deficiency at 9 months. From these observations it must be concluded that the marmoset is vulnerable to pathological changes characteristic of vitamin E deficiency with a lowering of the tocopherol concentration in plasma and platelets to one half or less. The plasma lipid changes were consistent with previous observations (17) , the diets supplemented with linoleate producing a significant fall in triglyceride independent of the vitamin E level. The cholesterol in plasma was not significantly influenced by dietary treatments. The influence of vitamin E deficiency on platelet aggregation and prostaglandin synthesis by platelets and aorta was clear. The change in platelet reactivity was significant with vitamin E deficiency, the greatest reactivity being observed in the SSO-E group, while with the SSO diet the platelets were relatively unreactive . These changes however were not large, and were subject to considerable animal to animal variability. The data on thromboxane generation did not support the aggregation observations, and was also subject to considerable variability. This lack of correlation with aggregation data is probably explained by the high % aggregation values observed at the concentration studied. Lands et al. (35) have observed a similar lack of association when aggregation values exceeded 70% of maximum response. The phospholipid fatty acids in platelets showed evidence of highest and least variable arachidonate levels in the vitamin E-deficient group and the lowest most variable values in the SSO-E group, a contradictory observation in relation to platelet aggregation observations. However as shown by the vulner able state of these animals, the marmosets on SSO-E diet showed most variable platelet arachidonates and most reactive platelets suggesting enhanced peroxidation in the presence of high polyunsaturated fats and low vitamin E content in the diet.
Prostacyclin production by the aorta appeared to be enhanced with addition of vitamin E and SSO from a low value in the vitamin E deficiency group to a greatly enhanced value with both linoleic acid and vitamin E supplementation (via SSO). The stepwise increase in prostacyclin (PGI2) associated with vitamin E and linoleic acid supplements suggests that vitamin E supplements and linoleate both contribute together (but not linoleate alone) in improving the blood vessel's protection from thrombosis via this antiaggregating prostaglandin. In so far as prostacyclin is generated from specific classes of phospholipids (phosphatidyl inositol and/or phosphatidyl choline), and then is only one end product of arachidonate me tabolism, it is unrealistic to expect total phospholipid arachidonate to reflect enhanced prostacyclin generation. The reduced levels of arachidonate in tissues associated with high linoleate diets have been reported previously (20, 22) . Other aspects of SSO supplementation at the level used in this study should not be overlooked. The deaths in these SSO supplemented groups were associated with poor body weight gains, an observation which has been seen in some similar experiments with marmosets, particularly when 15% supplements of SSO were used (unpublished data). In this regard 10% (or 12%) of SSO, the levels used in these and related experiments, is probably excessive and should be reduced in future experiments, particularly if the base diet already contains 8% fat. When at the same time vitamin E was low, the peroxidative influence of a high unprotected PUFA intake was clearly manifest in these marmosets. In summary, these studies have shown that vitamin E deficiency in the marmoset is associated, even at the marginally deficient levels used here, with some significant pathology, and evidence of reduced cardiovascular protection. In this study this was primarily seen as enhanced platelet reactivity and as lowered endothelial prostacyclin production. The altered white blood cell picture suggests an active inflammatory response to E deficiency or a failure to marginate, an observation which deserves further investigation, given the interest in vitamin E and the immunological system (32) and the potential value of white blood cell count as a measure of risk factor in heart disease (36) . Diets in which vitamin E levels are low for whatever reason, and which provide high levels of unprotected PUFA represent a significant risk to primates, and may if left unchecked result in the development of some significant vascular pathology. Studies involving the addition of polyunsatu rated fats to diets often fail to adequately address the separate influence of vitamin E which accompanies the fat at very variable concentrations. Given its basic role in biological membrane structure and function (37) and as an antioxidant this seems a significant oversight.
